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Abstract— Interest in the use of alternative renewable 
energy resources has been developed recently due to increased 
energy consumption and depletion of fossil fuel reserves. A 
major concern the world to reduce is dependence impact from 
fossil fuel consumption with renewable energy. Renewable 
energy sources have enormous economic, environmental 
benefits and provide energy security. The most potential 
renewable energy sources of ocean energy include Ocean 
Thermal Energy Conversion (OTEC). OTEC is a technology to 
generate electricity using a heat source thermal energy stored 
in the sea and is becoming increasingly attractive option to 
supply additional energy for many tropical countries and 
islands such as Riau Islands.  Two monitoring stations were 
collected in Bintan Island using CTD. CTD profiler allows to 
the determination of derived and relevant quantities in situ 
measurement ocean temperature per depth. The relationship 
between ocean temperature and ocean depth represented with 
Regression Model Fit Analysis (RMFA). RMFA models to 
estimates ocean temperature profiles from CTD 
measurements. To predict ocean depths up to 2000 meters 
using Equation of State Model (EoSM) of ocean water. The 
OTEC efficiency value can be calculated using the equation of 
Carnot efficiency (η). Carnot efficiency maximum in Riau 
Island is η <0.7. 
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I. INTRODUCTION 
Our planet has been facing pollution problems due to 
excessive use of fossil fuels [1] and the consumption of 
fossil fuels has brought dangerous environmental problems 
especially CO2 emission [1], [2]. Fossil fuels are responsible 
for an estimated 74% of all CO2 emissions [3]. 
Unfortunately, the world is still dependent on consumption 
fossil fuel as energy and electricity [3]. By continuously 
using fossil fuel, it will create a lot of problem to the world 
in general, not only CO2 emissions, but another big impact is 
greenhouse gas emissions [4]. Adverse effects from the 
consumption of fuel soil indicated by increasing pollution 
associated with generation from fossil fuels and greenhouse 
gas emission [5]. 
There has been an increasing focus on global warming in 
recent decades: in particular, on the emissions of CO2 and 
other greenhouse gases, and in general on the impact that 
human activity has on the climate and the problems this 
might create [6] and  many countries have pledged their 
commitment to reduce greenhouse gas emissions [5]. The 
world has realized CO2 and Greenhouse Emissions are the 
main factors of the contributing impact of climate change 
[7]. Around the world, there has been an increasing search 
for clean, socially acceptable methods of generating power 
[8]  and there is a clear role for renewable energy in the 
tropical region. OTEC is a priority to overcome to solve 
fossil fuel consumption problem. 
Interest in the use of alternative renewable energy 
resources has been developed recently due to increased 
energy consumption and depletion of fossil fuel reserves [5]. 
With the continued depletion of available fossil fuel reserves 
and environmental problems related to using fossil fuels, 
many researchers and scientists are trying to develop 
potential solutions for other energy sources that are 
sustainable and environmentally friendly through renewable 
energy sources [1], [9]. Major factor causes the importance 
of replacing fossil fuel consumption are the pressures of 
global warming, high oil prices attract the world's attention 
to prevent serious impacts on economic growth [2], 
greenhouse gas emissions combustion from transportation 
and stationary power generation sectors, especially carbon 
dioxide (CO2) emissions, are a serious global concern [9]. 
That is why the need for clean and renewable energy 
increases significantly [1]. 
Renewable energy includes energy sources derived from 
natural processes that can be replicated and supply not 
affected by consumption levels [1], [9], [10]. The search for 
carbon-free renewable energy sources has increased in 
recent years [11]. Renewable energy sources have enormous 
economic and environmental benefits and provide energy 
security for countries around the world. There is great 
potential for abundant and diverse renewable energy sources 
throughout the world [12]. The most potential renewable 
energy sources of ocean energy include tidal currents, ocean 
currents, and waves and also Ocean Thermal Energy 
Conversion (OTEC) [3]. OTEC uses renewable heat sources 
that are environmentally friendly and energy sources that 
can be depleted [13], [14]. OTEC adoption can produce real 
environmental benefits through the road; increased 
absorption of atmospheric CO2 by population marine 
organisms supported by nutrient-rich people [15], [16]. 
Ocean Thermal Energy Conversion (OTEC) is a 
technology to generate electricity using as a heat source the 
thermal energy stored in the sea [17] where this technology 
converts the difference in temperature between the surface 
and deep layers of the ocean into electrical power [11]. the 
main principle of OTEC the electricity generates indirectly 
from solar energy by harnessing the temperature difference 
[15] between the warm top layer and the cold deep seawater 
of the ocean [14] with 1000 m depth  [6], [9], [18] through a 
thermodynamic heat engine cycle convert heat energy into 
electricity. the hear engine from OTEC plant  designed to 
take advantage of the thermal gradient of the ocean to 
produce energy [19]. 
OTEC  is becoming an increasingly attractive option to 
supply additional energy for many tropical countries and 
islands [6], [14], [18]. Tropical countries are very suitable to 
apply OTEC, the ocean surface temperature gradients exist 
primarily and consistent in tropical regions because of 
influence from near the equator [14]. Besides that, OTEC 
power plants application is suitable for installing in small 
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islands because  OTEC could generate constant power 
output [3]. Several studies reported the economic evaluation 
of OTEC indicates that the commercial future of OTEC 
implemented in floating plants of approximately 100 MW 
capacity for developing tropical countries that have small 
islands [10]. The floating plant system of OTEC to 
implemented in small islands  uses heat on the surface from 
the tropical ocean to generate electricity and use cold water 
drawn from the deep sea to cool and liquefy the vapor that 
emerges from the turbine [20] . 
Indonesia has this OTEC potential where Indonesia's 
geographical conditions are in line with the basic 
requirements of OTEC plants development. Small islands in 
Indonesia could apply of OTEC and one of the potential 
regions is in the Riau Islands. Nearly 96% of the Riau 
Islands are ocean and there are many small islands. It is 
important to know whether the Riau Islands can be utilized 
with OTEC technology. 
II. RESEARCH METHODS 
A. Data Survey 
Two monitoring stations were collected in Bintan Island 
using Valeport's miniCTD as indicated in Fig.1. The method 
to determine two stations monitoring using a purposive 
sampling based on different environmental and water 
conditions in the Bintan Island region [21]. The purposive 
sampling method on monitoring stations give certain water 
conditions characteristics and provide clear and in-depth 
conclusions about the actual oceanographic conditions in the 
Riau Islands, especially Bintan Island. The two stations 
monitoring are in the western of Bintan Island (Longitude: 
104.2285; Latitude: 1.014395; Sites: CTD.TLS) and Eastern 
of Bintan Island (Longitude: 104.6698; Latitude: 1.064783; 
Sites: CTD.MLR), for more details about monitoring survey 
stations: 
 
Fig. 1. Stations monitoring location for oceanographic conditions. 
The first station located on Western Bintan Island is the 
domestic and international shipping lanes; steep water 
topography; deeper water depths; low wave conditions; high 
sedimentation; and industrial area. The second station 
located in ecotourism area; higher diversity of marine 
organisms;  conservation area for seagrass beds; high wave 
condition; and low sedimentation. Data surveys were carried 
out to determine oceanographic parameters consisting of 
temperature (t); salinity; density (ρ); depth (d);  the speed of 
sound (v); water pressure (p); and water conductivity (c). 
B. CTD Profiler 
CTD profiler allows to the determination of derived and 
relevant quantities in situ measurement ocean temperature 
per depth. CTD is multi-parameter instrument used to 
measure water-column quantities variable from direct 
measurement of ocean temperature (t), ocean pressure (p), 
electrical ocean parameters (conductivity) to which salinity 
(s) is related, sound velocity (v) and density (ρ) [22]. Data 
Acquisition from the miniCTD Valeport sample from 2 Hz 
that suitable for rapid profiling or for continuous 
measurement at a fixed point.  
C. Regression Model Fit Analysis (RMFA) Ocean 
Temperature  
The implementation of multi-parametric data 
assimilation schemes in ocean temperature prediction 
models presupposes depend on factual ocean depth values. 
The relationship between ocean temperature and ocean 
depth representing with Regression Model Fit Analysis 
(RMFA). RMFA methods (models) to estimates ocean 
temperature profiles from CTD measurements. The strategy 
for estimating ocean depth from CTD is conversion the 
pressure parameters (bar) from CTD data to ocean depth 
profilers (meters) with DatalogExpress software. RMFA is 
that such models have the highly tractable mathematical 
structure [23] and supposed observer a response variable Y 
and p explanatory or predictor variables, x1, …, xp on n 
individuals or entities [23]. In this studies, ocean 
temperature is a response variable (Y) and ocean depth 
profiler is predictor variables. the basis of the principle of 
RMFA to represent the behavior of the response conditional 
on the value of the predictor and the from linear regression 
model is defined by [23]: 
            ௜ܻ = ߚ଴ + ߚଵݔ௜ଵ + ߚଶݔ௜ଶ + ⋯+ ߚ௣ݔ௜௣ + ߝ௜ (1) 
Where Yi is the response for the ith individual (ocean 
temperature); xij is the value of the jth explanatory variable 
for the ith individual (ocean depth profiler); and ε is the 
error term for that individual/ the regression coefficient βo, 
β1, …, βp are model parameters whose true values are 
unknown and hence must be estimated from the data. When 
the simple linear regression model for ocean temperature 
and depth profiler defined by 
                              ௜ܶ = ߚ଴ + ߚଵܦ௜ଵ + ߝ௜  (2) 
D. Equation of State Model (EoSM)  of Ocean water  
Ocean water, like any single-phase thermodynamic 
system, is characterized by certain physical properties which 
represent the quantitative features of the system. These 
quantities are called the parameters, or the characteristics of 
the state of the system [24]. For ocean water mechanical 
parameters of the state are mass, volume and pressure, the 
temperature is a thermodynamic parameter and salinity the 
electrical conductivity associated with physical-chemical 
parameters [24]. The equation of state of seawater based 
modification from [24] 
ܶ(ܦ) = 	− ቀெௌ௏ଵ଴଴ቁ +	
൬ቀெௌ்ାಾೄೇభబబ ቁ௫	௙(஽)൰
௩		௫	ଵ଴షళ	௫	ቀெௌ்ାಾೄೇభబబ ቁ	௫	஽ା௙(஽)
 (3) 
                         ݂(ܦ) = 	1 +	݁ି଴.଴ଵ଺	௫	஽ାଵ.ଶସସ (4) 
Where MST is Mean Sea Temperature (o Celsius); MSV 
is Mean Salinity Value (PSU) and v = Mean Sound Velocity 
in Underwater (m/s). 
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E. Contour Data 
Contour data from OTEC temperature profiler analysis 
based on global data SRTM30_Plus from NASA Shuttle 
Radar Topography [25]. SRTM30_Plus is a combination of 
remote sensing and more than 290 million soundings 
acoustics are used to create bathymetry and contour added 
from Global Multi-Resolution Topography (GMRT) 
Project, JAMSTEC, and NGDC coastal relief mode [26]. 
The NASA Shuttle Radar Topographic Mission (SRTM) has 
provided digital elevation data (DEMs) for over 80% of the 
globe and distributed by the USGS EROS data center. The 
grid resolution is 30 second which is roughly one kilometer 
with a 1-minute grid between latitudes +/- 81 degrees.   
The selection of ocean contour profiler data in analyzing 
of OTEC thermal efficiency with SRTM30_Plus due to had 
higher resolution grids. This high-resolution grid from 
SRTM30_Plus providing from integrated GMRT, 
JAMSTEC, and NGDC. The Global Multi-Resolution 
Topography (GMRT) synthesis is a multi-resolution 
compilation of global multi-beam sonar data with a single 
continuously updated compilation of global elevation data. 
JAMSTEC is multi-analysis of elevation global data from 
research system for whole cruise information (DARWIN) 
on the Japan Agency for Marine-Earth Sciences and NGDC 
is high-resolution coastal relief model distributes and digital 
elevation models (DEMs) that integrate ocean bathymetry 
and land topography. 
Bathymetry contours line created from Global Mapper 
18 with Shuttle Radar Topography Mission (SRTM30_Plus) 
data. Ocean contour generated from Global Mapper 18 with 
contour interval 10 meters and generate contour within 
range of elevation from -1 m to max depth range in Riau 
Islands. Space range from the area of interest is 4.9156 
North to -3.8616 South and 110.32622 East to 102.524188 
West. SRTM data retrieval from Global Mapper saved and 
open in Surfer 13/ BLN format data. Contour extraction data 
analyzed in Surfer 13 compared with ocean temperature 
from in-situ CTD data. 
F. The efficiency of an OTEC system  
There is a theoretical limit, up to a maximum efficiency 
of an OTEC system by converting heat stored in the warm 
surface water of tropical oceans into mechanical work used 
Carnot Theory. Ocean Thermal between the water surface 
and water depth must be converted to reach maximum 
output from its thermal. The OTEC efficiency value can be 
calculated using the equation of Carnot efficiency [27]. 
                                 ߟ = 	 ೘்ೌೣି்೘೔೙
೘்ೌೣ
   (5) 
Where: η is Carnot efficiency, Tmax is an absolute 
temperature of the surface water, Tmin, is the absolute 
temperature of the deep water. The efficiency is determined 
by the temperature difference. The greater of temperatures 
differences, the higher efficiency. OTEC can be 
implemented in the ocean if the Carnot efficiency more than 
0.7 or 70% efficiency from differences ocean thermal. 
G. Analysis OTEC maximum gross power production 
efficiency 
According to [28] This ideal efficiency without 
unavoidable reductions caused by resistance and thermal 
losses could be accomplished only at infinitesimal rates of 
power production. Maximum power production per unit 
water flow requires both a high rate of heat transfer in the 
heat exchangers and a large pressure difference across the 
turbine. This means that only about half of the available ΔT 
can be used to produce a pressure difference across the 
turbine. The analysis shows that the maximum gross power 
production for OTEC by [19]. 
                        ߟ௉ = 1 −	( ௠ܶ௜௡ ௠ܶ௔௫⁄ )ଵ/ଶ  (6) 
Where: ηp is maximum gross power production 
efficiency, Tmax is an absolute temperature of the surface 
water, Tmin, is the absolute temperature of the deep water. 
III. RESULT 
A. CTD data from Water depth (m) and Ocean 
Temperature (o C) 
 
Fig. 2. A scatter plot and the corresponding regression line and regression 
equation for the relationship between the dependent variable water depth 
(m) and the independent variable ocean temperature (o C) at CTD.MLR site 
(Longitude: 104.6698; Latitude: 1.064783) from miniCTD data . r = 
Parsons’s correlation coefficient R-squared linear = coefficient of 
determination. 
TABLE I.  SUMMARY REGRESSION ANALYISIS AT CTD.MLR 
SITE 
Pearsons’s Correlation 
coefficient r 0.8636 
Equation of Regression Line Temperature (o C) 
29.7086 + 
0.0551*Depth (m) 
Residual Standard Error s 0.2846
R2 (unadjusted) R2 0.7459
Total Data n 69
Mean Surface Temperature 
(<5 meters) MST 29.6249 
Correlation linear regression analysis of water depth (m) 
and ocean temperature (o C) from miniCTD Valeport at 
CTD.MLR site (Longitude: 104.6698; Latitude: 1.064783) 
showed in Fig.2. Linear regression can be used to estimate 
the ocean temperature (o C) within the water depth (m) 
observed range (n = 69).  Linear regression resulted in a 
model with a correlation coefficient r = 0.8636, equation of 
y-intercept (ocean temperature) = 29.7086 + 0.0551 multiple 
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(ocean depth), unadjusted R-squared = 0.7459, and n = 69, 
mean surface temperature from CTD below 10 meters ocean 
depth (MST) = 29.6249 (Table I). The correlation analysis 
showed ocean temperature (o C) has a strong negative 
correlation with water depth (m). Based on Fig.1 data the 
Pearsons’s Correlation coefficient of 0.8636 is strong 
correlation have expected based on the scatterplot. The 
Residual Standard Error showed small value s = 0.2846 with 
p < .0005. 
 
Fig. 3. A scatter plot and the corresponding regression line and regression 
equation for the relationship between the dependent variable water depth 
(m) and the independent variable ocean temperature (o C) at CTD.TLS site 
(Longitude: 104.2285; Latitude: 1.014395) from miniCTD data . r = 
Parsons’s correlation coefficient R-squared linear = coefficient of 
determination 
TABLE II.  SUMMARY REGRESSION ANALYISIS AT CTD.TLS SITE 
Pearsons’s Correlation 
coefficient r 0.8713 
Equation of Regression 
Line 
Temperature 
(o C) 
30.2462 + 
0.0943*Depth (m) 
Residual Standard Error s 0.0859
R2 (unadjusted) R2 0.7591
Total Data n 389 
Mean Surface Temperature 
(<5 meters) MST 29.8689 
 
Correlation linear regression analysis of water depth (m) 
and ocean temperature (o C) from miniCTD Valeport at 
CTD.TLS site (Longitude: 104.2285; Latitude: 1.014395) 
showed in Fig.3. Linear regression can be used to estimate 
the ocean temperature (o C) within the water depth (m) 
observed range (n = 389).  Linear regression resulted in a 
model with a Pearson’s correlation coefficient r = 0.8713, 
equation of y-intercept (ocean temperature) = 30.2462 + 
0.0943 multiple (ocean depth), unadjusted R-squared = 
0.7591, and n = 389, mean surface temperature from CTD 
below 10 meters ocean depth (MST) = 29.8689 (Table II). 
The correlation analysis showed ocean temperature (o C) has 
a strong negative correlation with water depth (m). Based on 
Fig.1 data the Pearsons’s Correlation coefficient of 0.8713 is 
strong correlation have expected based on the scatterplot. 
The Residual Standard Error showed small value s = 0.0859 
with p < .0005. 
B. The equation of State Model (EoSM)  of Riau Island 
Ocean water 
 
Fig. 4. EoSM Model of Riau Island Ocean water for the relationship 
between the dependent variable water depth (m) and the independent 
variable ocean temperature (o C) at with maximum water depth 2000 meter. 
TABLE III.  OCEAN DATA OF CTD ANALYSIS IN BINTAN ISLAND 
Mean Sea 
Temperature MST 
o Celsius 29.8689 
Mean Salinity 
Value MSV PSU 33.2294 
Mean Sound 
Velocity v m/sec 1543.5593 
 
EoSM modeling of seawater in the Riau Islands applies 
surface sea level data from CTD (Fig. 4). EoSM aims to 
model changes in ocean temperature based on water depth 
profiler. EoSM modeling considers the minimum 
parameters that influence changes in ocean temperature by 
considering the isobaths and thermohaline layers. 
Temperature (t), salinity (s), pressure (p), density (ρ) and 
speed of sound (v) are important parameters in modeling 
EoSM. EoSM modeling with Mean Sea Temperature (MST 
= 29.8689 o C); Mean Salinity Value (MSV = 33.2294 PSU) 
and Mean Sound Velocity (v = 1543.5593 m/sec) results 
with CTD parameters in Riau Islands showed Riau Islands 
have a gradient temperature around 5oC regarding 1000 
meters water depth with an exponential increase in 
temperature to 2.23oC at water depth in 2000 meters.  
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C. Contour Analysis for maximum OTEC Energy in Riau 
Island 
 
Fig. 5. Contour maps Riau Island divided into six Major Island – Bintan 
(a), Batam (b), Karimun (c), Lingga (d), Anambas (e) and Natuna (f).  
Extensive contour readings of the sea surrounding the 
Riau Islands were obtained by SRTM30_Plus from NASA 
Shuttle Radar Topography. The Riau Islands are divided 
into six major islands - Bintan, Batam, Karimun, Lingga, 
Anambas and Natuna (Fig 5). It is necessary to explain more 
detailed contour readings on every major Island in the Riau 
Islands. Contours based upon the SRTM30_Plus from 
NASA Shuttle Radar Topography lines were drawn at 10-m 
intervals and contour lines ranging from 0 m to max depth 
about 390 meters in northeast Natuna Island seawater.  
Bintan, Batam, Karimun, and Lingga had similarity contour 
topography with maximal depth about 50 meters. 
Substantial contour data indicated appropriate OTEC 
potential near Anambas and Natuna is supposed to have a 
good thermal gradient resource for OTEC Technology, but 
data available shown by the depth contour profile show 
maximum contour depth near to mainland in Natuna Island 
up to 110 m and Anambas Island up to 90 meters.  
D. Analysis of the maximum efficiency of an OTEC system 
 
Fig. 6. Relationship of Carnot efficiency (η) depends on water depth (m) 
in Riau Islands 
 Fig.6 showed the relationship of Carnot efficiency (η) 
depends on water depth (m). The maximum value of the 
Carnot efficiency in Riau Islands is η < 0.7. The higher 
frequency from potential OTEC Carnot efficiency (η) in 
Riau Islands ranges from 0.3 to 0.5. Carnot's efficiency (η) 
value influenced by the seabed contour and Riau Islands 
relatively had the shallow water depth. Consequently, 
induce low Carnot efficiency (η). The maximum value of 
Carnot efficient (η) in Riau Islands is only 0.67 and located 
in seawater north east Natuna and the depths reach more 
than 300 meters. Unfortunately, the location is far away 
from the mainland and not effective to apply sustainable 
OTEC technology. 
 
Fig. 7. Distribution patterns map of Carnot efficiency values Riau Island  
 Fig. 7 showed the distribution of OTEC's potential in 
the Riau Islands by mapping Carnot efficiency values. The 
distribution pattern shows the continental shelf area for all 
major islands in the Riau Islands has Carnot efficiency value 
(η = 0.048). The Carnot efficiency distribution pattern in the 
Bintan, Batam, Karimun, and Lingga had the Carnot 
efficiency value (η = 0.048) and reaches a maximum (η = 
0.328) in the northern area of Bintan, Batam, and Karimun. 
Anambas had Carnot efficiency value (η = 0.328) and 
reaches a maximum (η = 0.514). Natuna had a Carnot 
efficiency (η = 0.328) and reaches a maximum (η = 0.607). 
E. Gross Power Production Efficiency 
 
Fig. 8. Variance analysis of Gross Power Production Efficiency (GPPE) 
and Carnot Efficiency (CE) in Riau Island. 
 Production Efficiency (GPPE) and Carnot Efficiency 
(CE) in Riau Island shown in Figure 8. The average CE 
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value in the entire Bintan region (η = 0.42) and GPPE value 
(ηp = 0.28). In general, there is no significant difference 
between CE and GPE, but there is a decrease of 0.14 in 
efficiency from CE to GPE. Contrast coefficients based on 
group means show 0.072 from variance analysis GPPE and 
CE. 
IV. DISCUSSION 
A. OTEC in Riau Islands 
The long-term energy demand in the world is constantly 
rising, primarily due to an increasing world population and 
growth in developing countries [9]. Energy consumption by 
developing countries is expected to continue into the next 
century [18] and is very crucial cause determining the 
quality of life that works as a booster to the economic and 
social growth in a country is availability source of energy 
including the electricity and fuel [4]. Indonesia is heading 
for energy security. As developing countries, Indonesia's 
population is currently nearly 300 million and energy and 
electricity demand are increasing rapidly. Increased energy 
and electricity demand cause Indonesia providing another of 
energy sources, where renewable energy is the highest 
priority. The policy to use renewable energy is a top priority 
and main concern of Indonesia government's and the role of 
renewable energy in Indonesia as national energy security. 
Indonesia is developing more power plants to meet the 
growing demand for electricity. The electricity demand of 
Indonesia from 2011 to 2020 increasing by 8.5% per year 
[4]. Increased electricity demand in Indonesia supported by 
the potential for renewable energy, especially the renewable 
energy from the ocean. Several potential renewable energy 
to meet the growing demand for electricity in Indonesia 
such as hydro energy, geothermal energy, wind energy, 
solar energy, and biomass energy, while for the potential of 
Indonesia renewable energy from the ocean such as tidal 
energy, wave energy and OTEC [4].  According to the 
Indonesian Ocean Energy Resource ratified by the 
Indonesian Marine Energy Association (INOCEAN), 
theoretically, there are 57 GW of resources for OTEC in 
Indonesia [8] and this potential of OTEC application is 
higher compared to developed countries. Although the 
commercialization of OTEC system has accelerated in the 
United States, Europe, Japan, and other developed countries 
as part of ocean energy development [13]. As ocean a 
energy using the vertical temperature distribution in the 
open ocean constitutes two layers separated by an interface. 
The surface layer is warmed due to the absorption of solar 
radiation and mixed to deep water by wave motion [10]. 
Mechanically, OTEC plants can either be built onshore or 
on offshore floating platforms. But from now, the 
development of OTEC plant construction that more stable 
built at the onshore platform. The onshore type requires long 
intake pipes for pumping ocean water to the mainland with 
high initial construction costs and large amounts of energy 
to operate the pumps could be limited by the availability of 
the thermal resource near the coast and could enhance 
environmental impacts [6], [18]. 
The implementation of Carnot efficiency only to the 
ideal heat engine [15] and there is no heat engine could be 
better than the Carnot heat engine [19]. The general limiting 
Carnot energy conversion efficiency of a cyclic heat engine 
scales with the difference between the temperatures at which 
heat transfers occur [15] and Carnot shows that the reservoir 
temperature an closed power OTEC plant is a level 
transferred cycle operating between the warm surface and 
deep sea thermal reservoirs [19]. Bathymetry is another key 
parameter since the distance offshore to the temperature 
difference is a critical factor in determining the type of 
OTEC system concept (floating moored, land-based, shelf 
mounted, or grazing). Likewise, costs for such items as the 
electric cable and cold-water pipe would make a lot of 
difference between a land-based and a floating plant. In 
general OTEC's potential from the Riau Islands hard to 
apply because of the distance bathymetry with Carnot 
efficiency η > 0.7 far away from the mainland. 
B. Consideration of OTEC application 
The main advantages of OTEC are the method is fuel 
free with utilizes a renewable resource and poses minimal 
threat to the environment [16], [29]. OTEC, unlike 
conventional fossil energy systems that give higher 
environmental impact. Since OTEC utilizes renewable 
thermal energy, recurring costs to generate electrical power 
output are minimal [15]. Small islands in the tropics region 
have a significant advantage from the establishment from 
OTEC technology by providing a starting point of their 
large ocean thermal potential. Furthermore, OTEC could 
supply other basic needs to small Island in tropic regions 
[6]. In some locations at small islands in the tropics, have 
higher ocean thermal range. The higher-thermal range 
source input enhances the system efficiency, because of the 
higher inlet and lower outlet pressures in the turbine [13]. 
The deeper the cooling water pumped from the sea, the 
more efficient will the OTEC plant work [20]. Larger 
amounts of OTEC energy apply in Small Island will be 
declining energy ratios from conventional fossil energy [3]. 
OTEC delivers energy supply and food security, and 
promote sustainable development. Thus, if OTEC 
technologies reach a technical maturity and competitive 
costs, they could emerge as an integral solution for current 
problems in small islands by using the resource in a cascade 
system [6] not only electricity, but also low temperatures for 
refrigeration and air-conditioning, and nutrients for food 
production. [18] 
The most fundamental problem of the OTEC application 
is the fixed cost or capital cost of generating capacity the 
OTEC system pera kilowatt is very high because it requires 
large pipelines and a heat exchanger to produce a relatively 
modest amount of electricity [15].  The highest capital cost 
causes uncertainty in the financial analysis of OTEC energy 
application process [15]. Consequently, impacting 
developing countries have OTEC energy potential. 
Renewable energy does not become economically 
competitive and unrealistic to expect developing countries 
to invest in OTEC technology [30].  
Another disturbance in the OTEC application is the 
disruption of marine ecosystems from the necessary to pump 
vast amounts of seawater [3]. Seawater pumped from the 
OTEC system has a local temperature of 3oC – 4oC is known 
to cause high mortality between corals and fish, this causes 
the application of the OTEC potential to the marine 
environment is unfriendly during the implementation of 
OTEC technology [29]. In addition, OTEC is one of the 
renewable energy has a low-efficiency system. The 
efficiency of the OTEC system is lower than the power 
system that uses another renewable energy sources because 
the system uses a temperature difference of only 21-24 ° C 
between surface seawater and deep sea water [13]. 
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The limitation of OTEC applications includes 
dependence on ocean surface temperatures used as high-
temperature heat sources from OTEC technology depend on 
geographical and climate conditions [13]. Consequently, to 
manage the main energy output of OTEC, the unit needs to 
be the ship-mounted and move over the tropical ocean to 
maintain differences in surface temperature versus depth [3]  
V. CONCLUSION 
Implementing OTEC in Riau Islands seawater have 
another consideration and hard to apply because of the 
distance bathymetry with the maximum depth less than 500 
meter and the generate maximum Carnot efficiency η < 0.7. 
The maximum potential of carnot η = 0.607 only in Natuna 
Island seawater and it is far away from the mainland. It will 
give fundamental high capital cost to build OTEC system to 
produce a relatively modest amount of electricity. 
ACKNOWLEDGMENT 
The authors would like to acknowledge for Universitas 
Maritim Raja Ali Haji (UMRAH) Indonesia who supported 
this research by providing grant with scheme Competitive 
Research. 
REFERENCES 
[1] M. S. Azhar, G. Rizvi, and I. Dincer, “Integration of renewable 
energy based multigeneration system with desalination,” DES, vol. 
404, pp. 72–78, 2017. 
[2] H. Chong and W. Lam, “Ocean renewable energy in Malaysia : The 
potential of the Straits of Malacca,” Renew. Sustain. Energy Rev., vol. 
23, pp. 169–178, 2013. 
[3] P. Moriarty and D. Honnery, “What is the global potential for 
renewable energy ?,” Renew. Sustain. Energy Rev., vol. 16, no. 1, pp. 
244–252, 2012. 
[4] M. I. Alhamid, Y. Daud, A. Surachman, and A. Sugiyono, “Potential 
of geothermal energy for electricity generation in Indonesia : A 
review,” Renew. Sustain. Energy Rev., vol. 53, pp. 733–740, 2016. 
[5] M. Ozturk, C. Sahin, and Y. Yuksel, “Current power potential of a sea 
strait : The Bosphorus,” Renew. Energy, pp. 1–13, 2017. 
[6] A. F. Osorio, J. Arias-gaviria, A. Devis-morales, D. Acevedo, H. 
Iván, and S. Arango-aramburo, “Beyond electricity : The potential of 
ocean thermal energy and ocean technology ecoparks in small tropical 
islands,” Energy Policy, pp. 1–12, 2016. 
[7] T. Weir, “Renewable energy in the Pacific Islands : Its role and 
status,” vol. 94, no. April, pp. 762–771, 2018. 
[8] M. Ann et al., “Ocean renewable energy in Southeast Asia : A 
review,” Renew. Sustain. Energy Rev., vol. 41, pp. 799–817, 2015. 
[9] I. Dincer, M. A. Rosen, and F. Khalid, 3.16 Thermal Energy 
Production, vol. 3. 2018. 
[10] A. Q. Malik, “Assessment of the potential of renewables for Brunei 
Darussalam,” Renew. Sustain. Energy Rev., vol. 15, no. 1, pp. 427–
437, 2011. 
[11] R. Fujita et al., “Revisiting ocean thermal energy conversion,” Mar. 
Policy, vol. 36, no. 2, pp. 463–465, 2012. 
[12] M. Melikoglu, “Current status and future of ocean energy sources : A 
global review,” Ocean Eng., vol. 148, no. June 2017, pp. 563–573, 
2018. 
[13] J. Yoon et al., “Analysis of the high-efficiency EP-OTEC cycle using 
R152a,” Renew. Energy, 2017. 
[14] H. Semmari, D. Stitou, and S. Mauran, “A novel Carnot-based cycle 
for ocean thermal energy conversion,” Energy, vol. 43, no. 1, pp. 
361–375, 2012. 
[15] S. M. Masutani, P. K. Takahashi, and U. States, Ocean Thermal 
Energy Conversion ( OTEC ) ☆, 3rd ed., no. July. Elsevier Inc., 2018. 
[16] S. M. Masutani and P. K. Takahashi, “OCEAN THERMAL 
ENERGY CONVERSION ( OTEC ),” pp. 167–173, 2001. 
[17] R. Soto and J. Vergara, “Thermal Power Plant Efficiency 
Enhancement with Ocean Thermal Energy Conversion,” Appl. Therm. 
Eng., 2013. 
[18] A. Devis-morales, R. A. Montoya-sánchez, A. F. Osorio, and L. J. 
Otero-díaz, “Ocean thermal energy resources in Colombia,” Renew. 
Energy, vol. 66, no. 2014, pp. 759–769, 2018. 
[19] C. Wu, “A Performance Bound for Real OTEC Heat Engines,” Ocean 
Eng., vol. 14, no. 4, pp. 349–354, 1987. 
[20] R. Yeh, T. Su, and M. Yang, “Maximum output of an OTEC power 
plant,” Ocean Eng., vol. 32, pp. 685–700, 2005. 
[21] A. E. Butler, B. Copnell, and H. Hall, “The development of 
theoretical sampling in practice,” Collegian, pp. 1–6, 2018. 
[22] G. Raiteri, A. Bordone, T. Ciu, and F. Pennecchi, “Uncertainty 
evaluation of CTD measurements : a metrological approach to water-
column coastal parameters in the Gulf of La Spezia area,” vol. 126, 
no. December 2017, pp. 156–163, 2018. 
[23] M. L. Hazelton, P. North, and N. Zealand, “Univariate Linear 
Regression,” pp. 482–488, 2010. 
[24] O. I. Mamayev, Temperature - Salinity Analysis of World Ocean 
Waters, Volume 11,. Elsevier Oceanography Series, 1975. 
[25] D. T. Sandwell, R. D. Müller, W. H. F. Smith, E. Garcia, and R. 
Francis, “New global marine gravity model from CryoSat-2 and 
Jason-1 reveals buried tectonic structure,” Science (80-. )., vol. 346, 
no. 65, pp. 20–33, 2014. 
[26] J. J. Becker et al., “Global Bathymetry and Elevation Data at 30 Arc 
Seconds Resolution : SRTM30 PLUS,” Mar. Geod., vol. 32:4, no. 
912891605, pp. 355–371, 2009. 
[27] J. Koto, “2 MW Closed Cycle SWOTEC in Mentawai , Sumatera 
Barat , Indonesia,” vol. 38, pp. 13–19, 2016. 
[28] W. H. Avery, Ocean Thermal Energy Conversion ( OTEC ), 3rd ed. 
Cambridge, Massachusetts: Academic Press, 2003. 
[29] A. Etemadi, A. Emdadi, O. Asefafshar, and Y. Emami, “Energy 
Procedia Electricity Generation by the Ocean Thermal Energy,” pp. 
00984413554180–1, 2011. 
[30] A. F. Osorio, S. Ortega, and S. Arango-aramburo, “Assessment of the 
marine power potential in Colombia,” Renew. Sustain. Energy Rev., 
vol. 53, pp. 966–977, 2016. 
 
 
Proc. EECSI 2019 - Bandung, Indonesia, 18-20 Sept 2019
391
